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CLAIMS 



What is claimed is: 



^ A method of determining a movement characteristic of an object, comprising the steps of: 

2 a) reflecting electro-magnetic energy off the object; 

3 b) receiving the electro-magnetic energy reflected off the object at a sensor; and 

4 c) determining a movement characteristic of the object based on the reflected electro- 

5 magnetic energy. 
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2. The method of determining a movement characteristic of ajh object of claim 1, wherein step 
c) includes determining one of the speed, oirectimi, distance, location, spin rate, and spin axis 
orientation of the object based on the reflected electro-magnetic^Tefgy. 
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3. The method of determining a movement characteristic of an object of claim 1, wherein step 
a) includes: 

i) aligning the electro-magnetic energy transmission path to be non-parallel 
to the movement path of the object; and 

ii) reflecting electro-magnetic energy off the object. 
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1 4. The method oV determining a movement characteristic of an object of claim 1, wherein step 

2 b) includes: \ 

\ 

3 i) aligning a sensor's electro-magnetic energy reception path to be non- 

\ 

4 parallel to the movement path of the object; and 

5 ii) receiving the electro-magnetic energy reflected off the object at the sensor. 

1 5. The method of determining a movement characteristic of an object of claim 3, wherein step 

2 b) includes: \ 

3 i) aligning a sensors electro-magnetic ekergy reception path to be non- 

0 4 parallel to the movement path of the objecji; and 

' * 5 ii) receiving the electro-magnetic^energy rejected off the object at the sensor. 

1 \ 

U 5 \ 

jiy 1 6. The method of determining a movement characteristic of an object of claim 1, wherein step 

y \ 

2 c) includes: \ 

IV 3 i) determining parameters of a modelVf the movement of the object based on 

j|* 4 the reflected electro-magnetic energy ;Vid 

O \ 

5 ii) determining a movement characteristic of the object based on the 

6 determined model parameters. \ 

1 \ 

1 7. The method of determining a movement characteristic of an object of claim 6, wherein step 

2 ii) includes determining one of the speed, direction, distance, location\spin rate, and spin axis 

3 orientation of the object based on the reflected electro-magnetic energy. \ 
1 
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1 8. The mfethod of determining a movement characteristic of an object of claim 1, wherein the 

2 sensor is one\of a Doppler radar sensor and a continuous wave Doppler radar sensor. 
1 \ 

1 9. The method of determining a movement characteristic of an object of claim 1, wherein step 

2 b) includes receiving the electro-magnetic energy reflected off the object at two sensors. 
1 \ 

1 10. The method of determining a movement characteristic of an object of claim 1, wherein step 

2 b) includes receiving the electro-magnetic energy reflected off the object at three sensors. 

H 1 11. The method of determining a movement ch^cteristic of ak^obj^cf of claim 1, wherein step 

2 a) includes reflecting electro-magnetic energy off^a contrasting portion of the object and step 

m \ 

ry 3 b) includes receiving the electro-magnetic energy reflected off the contrasting portion of the 

« 4 object at the sensor. \ 

ry \ 

H \ 

I .*j 1 12. The method of determining a movement characteristic of an obtect of claim 11, wherein step 

M \ 

2 c) includes determining one of the speed, direction, distance, locatibn, spin rate, and spin axis 

3 orientation of the object based on the reflected electro-magnetic energV. 

1 13. The method of determining a movement characteristic of an object of claim 11, wherein step 

2 b) includes receiving the electro-magnetic energy reflected off the contrastiW portion of the 

3 object at two sensors. \ 
1 
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14. The metW of determining a movement characteristic of an object of claim 1 1, wherein step 
b) includes\eeiving the electro-magnetic energy reflected off the contrasting portion of the 
object at three sensors. 



1 15. The method of determining a movement characteristic of an object of claim 11, wherein the 

2 contrasting portion of the obtect is not discernable at the visible light spectrum. 

1 16. The method of determining a moVement characteristic ot\an object of claim 11, wherein the 

2 contrasting portion of the object is highly reflectivfe of the Jlectro-magnetic energy. 

0 1 17. The method of determining a movement \aractlristic oft^n object of claim 1 1 5 wherein the 

2 contrasting portion of the object is a contrastinkmarker. 

1 f\ \ 
18. The method of determining a movement characteristic of an object of claim 17, wherein step 

c) includes determining one of the speed, direction, disWce, location, spin rate, and spin axis 

orientation of the object based on the reflected electro-magnetic energy. 

1 19. The method of determining a movement characteristic of an object of claim 17, wherein the 

2 contrasting marker of the object is highly reflective of the electroVnagnetic energy. 

1 20. The method of determining a movement characteristic of an objectVf claim 1 7, wherein the 

2 contrasting marker of the object is not discernable at the visible light spectrum. 
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21. The method determining a movement characteristic of an object of claim 20, wherein step 



\ 



c) includes determining one of the speed, direction, distance, location, spin rate, and spin axis 
orientation of the object based on the reflected electro-magnetic energy. 



An article of manufacture ibr use in determining a movement characteristic of an object, the 
article of manufacture comprising computer readable storage media including program logic 
embedded therein that causes control circuitry to perform the steps of: 

a) directing electro-magnetic energy\p be reflected off thejjbject; 

b) receiving the electro-magnetic energysreflected off yie objecf^t a sensor; and 

c) determining a movement characteristics, of the 6biect bas&i on the reflected electro- 
magnetic energy 

23. The article of manufacture for use in determining a movement characteristic of an object of 
claim 22, wherein step c) includes determining one of the\speed, direction, distance, location, 
spin rate, and spin axis orientation of the object based ot^ the reflected electro-magnetic 
energy. 
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24. The article of manufacture for use in determining a movement characteristic of an object of 
claim 22, wherein step a) includes: 

i) directing the electro-magnetic energy transmission path to be non-parallel 
to the movement path of the object; and 

ii) directing the electro-magnetic energy to be reflected off the\>bject. 

V 
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25. The article of manufacture for use in determining a movement characteristic of an object of 
claim 22, wherein "step b) includes: 

\. 

i) directing the electro-magnetic energy reception path to be non-parallel to 
the movement path of the object; and 

ii) receiving theSelectro-magnetic energy reflected off the object at the sensor. 

26. The article of manufacture for use m determining a movement characteristic of an object of 
claim 24, wherein step b) includes: 

i) directing the electro-magnetic energy j^ceptipn path to be non-parallel to 
the movement path of the object; anc 

ii) receiving the electro-magnetic\energy reflected off the object at the sensor. 



27. The article of manufacture for use in determining a movement characteristic of an object of 
claim 22, wherein step c) includes: 

i) determining parameters of a model of the hjovement of the object based on 
the reflected electro-magnetic energy; and 

ii) determining a movement characteristic of \he object based on the 
determined model parameters. 



28. The article of manufacture for use in determining a movement characteristic of an object of 
claim 27, wherein step ii) includes determining one of the speed, directionAdistance, location, 
spin rate, and spin axis orientation of the object based on the reflected ^lectro-magnetic 
energy. 
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29. The article^f manufacture for use in determining a movement characteristic of an object of 

\ 

claim 22, whef^in the sensor is one of a Doppler radar sensor and a continuous wave Doppler 
radar sensor. \ 



30. The article of manufacture for use in determining a movement characteristic of an object of 
claim 22, wherein step ty^^ludes receiving the electro-magnetic energy reflected off the 
object at two sensors. 



1 31. The article of manufacture for use in (Mermining a povem^nt characteristic of an object of 

2 claim 22, wherein step b) includes receiving the ejlectro-ma^netic energy reflected off the 

3 object at three sensors. 
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32. The article of manufacture for use in determining a movement characteristic of an object of 
claim 22, wherein step a) includes directing electro-magnetic energy to be reflected off a 
contrasting portion of the object and step b) includes recenring the electro-magnetic energy 
reflected off the contrasting portion of the object at the sensor. 



1 33. The article of manufacture for use in determining a movement characteristic of an object of 

2 claim 32, wherein step c) includes determining one of the speed, direction, distance, location, 

3 spin rate, and spin axis orientation of the object based on the reflected electro-magnetic 

4 energy. 
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34. The article of manufacture for use in determining a movement characteristic of an object of 

\ 

claim 32, wherein step b) includes receiving the electro-magnetic energy reflected off the 
contrasting portibji of the object at two sensors. 



35. The article of manufacture for use in determining a movement characteristic of an object of 
claim 32, wherein step b) includes receiving the electro-magnetic energy reflected off the 
contrasting portion of the objeckat three sensors. 



36. The article of manufacture for use in ^determining a/movement characteristic of an object of 
claim 32, wherein the contrasting portionN^f the opject is notfldiscernable at the visible light 
spectrum. 



37. The article of manufacture for use in determining a movement characteristic of an object of 
claim 32, wherein the contrasting portion of the objec\is highly reflective of the electro- 
magnetic energy. 

38. The article of manufacture for use in determining a movement characteristic of an object of 
claim 32, wherein the contrasting portion of the object is a contrasting marker. 



39. The article of manufacture for use in determining a movement characteristic of an object of 
claim 38, wherein step c) includes determining one of the speed, direction, distance, location, 
spin rate, and spin axis orientation of the object based on the reflected electro-magnetic 
energy. 
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1 40. The article of manufacture for use in determining a movement characteristic of an object of 

2 claim 38, wherein tnb^contrasting marker of the object is highly reflective of the electro- 

3 magnetic energy. 



1 41. The article of manufacture for usesin determining a movement characteristic of an object of 

2 claim 38, wherein the contrasting marker is not discernabie at the visible light spectrum. 
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42. The article of manufacture for use in determining a| movement characteristic of an object of 
claim 41 , wherein step c) includes determining dqe of\{he sj/eb^I, direction, distance, location, 
spin rate, and spin axis orientation of the object \ased on the"feflected electro-magnetic 
energy. 




An apparatus for determining a movement characteristic, comprising: 

a) an object having a movement path; 

b) an electro-magnetic sensor, the sensor generating electro-magnet& energy to be reflected 
off the object and receiving the electro-magnetic energy reflected off the object; and 

c) means for determining a movement characteristic of the object based on the reflected 



electro-magnetic energy 



\ 
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44. The apparatus for determining a movement characteristic of claim 43, wherein the means for 
determining a\novement characteristic includes means for determining one of the speed, 
direction, distances location, spin rate, and spin axis orientation of the object based on the 
reflected electro-magnetic energy. 



45. The apparatus for determining a movement characteristic of claim 43, wherein the sensor's 
electro-magnetic energy transmission path is non-parallel to the movement path of the object. 

46. The apparatus for determining a movement characterise of cla^n 43, wherein the means for 
determining a movement characteristic includes: 

i) means for determining p^rametets of a/i[nodel of the movement of the 
object based on the reflected^lectr^ijadgnetk: energy; and 

ii) means for determining a movement characterisfr^^ object based on 
the determined model parameters. 




47. The apparatus for determining a movement characteristic of Maim 46, wherein the means for 
determining a movement characteristic includes means for determining one of the speed, 
direction, distance, location, spin rate, and spin axis orientation\>f the object based on the 
reflected electro-magnetic energy. 



48. The apparatus for determining a movement characteristic of claim 43, wherein the sensor is 
one of a Doppler radar sensor and a continuous wave Doppler radar sensor A 
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1 49. The apparatus for determining a movement characteristic of claim 43 , further comprising a 

2 second electro-niagnetic sensor, the second sensor generating electro-magnetic energy to be 

3 reflected off the object and receiving the electro-magnetic energy reflected off the object. 
1 \ 

1 50. The apparatus for determining a movement characteristic of claim 43, further comprising a 

2 second electro-magnetic sensor\the second sensor generating electro-magnetic energy to be 

3 reflected off the object and receivin^the electro-magnetic engrgy reflected off the object and 

4 a third electro-magnetic sensor, the thnd sensor generating electto-magnetic energy to be 

5 reflected off the object and receiving the electro-magnetic energy reflected off the object. 

1 51. The apparatus for determining a movement characte^^c\^ 43, wherein 

2 the object includes a contrasting portion and the sensor generates electro-magnetic energy to 

3 be reflected off the contrasting portion of the object and receVes the electro-magnetic energy 

4 reflected off the contrasting portion of the object. \ 

1 \ 

1 52. The apparatus for determining a movement characteristic of claim 51, Wherein the means for 

2 determining a movement characteristic includes means for determiningV>ne of the speed, 

3 direction, distance, location, spin rate, and spin axis orientation of the object based on the 

4 reflected electro-magnetic energy. \ 

1 \ 
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53. The apparatus for determining a movement characteristic of claim 51, further comprising a 
second electro-magnetic sensor, the second sensor generating electro-magnetic energy to be 
reflected of\he contrasting portion of the object and receiving the electro-magnetic energy 
reflected off the "contrasting portion of the object. 



54. The apparatus for determining a movement characteristic of claim 51, further comprising a 
second electro-magnetic sensor, the second sensor generating electro-magnetic energy to be 
reflected off the contrasting potion of the object artth^eiving the electro-magnetic energy 
reflected off the contrasting port&n of the objefct and a tljird electro-magnetic sensor, the 
third sensor generating electro-magneii^ energy to be reflected off the contrasting portion of 
the object and receiving the electro-magnetic energy reflected off the contrasting portion of 
the object. 




55. The apparatus for determining the movement characteristic of claim 51, wherein the 
contrasting portion of the object is not discernable at the Visible light spectrum. 

56. The apparatus for determining the movement characteristic of claim 51, wherein the 
contrasting portion of the object is highly reflective of the electro-magnetic energy. 



57. The apparatus for determining the movement characteristic of ct^im 51, wherein the 
contrasting portion of the object is a contrasting marker. 
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58. The apparatus Iot determining a movement characteristic of claim 57, wherein the means for 
determining a movement characteristic includes means for determining one of the speed, 
direction, distance, location, spin rate, and spin axis orientation of the object based on the 
reflected electro-magnetic energy. 



59. The apparatus for determining the Yiovement characteristic of claim 57, wherein the 



contrasting portion of the object is highly rbflective of 



le elecjto-magnetic energy. 



60. The apparatus for determining the movement ^arac3^4ic Ns ^Lxlaim 57, wherein the 
contrasting portion of the object is not discernable at thesyisible light spectrum. 



61. The apparatus for determining a movement characteristic of claim 60, wherein the means for 
determining a movement characteristic includes means for detemaining one of the speed, 
direction, distance, location, spin rate, and spin axis orientation of th& x object based on the 
reflected electro-magnetic energy. 
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